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ACRONYMS USED IN THE STUDY

1. CR&R CHANGEOUT, RECONFIGURE OR RESUPPLY - A GENERIC MISSION GROUP
2. DARPA DEFENSE ADVANCED RESEARCH PROJECT AGENCY

3. DMP DEPLOYMENT AND MAINTENANCE PLATFORM = HANDLING AND POSITIONING AID + PIDA
4. DOF DEGREES OF FREEDOM

5. DoD DEPARTMENT OF DEFENSE

6. DSCS DEFENSE SATELLITE COMMUNICATIONS SYSTEM

7. EMC ELECTROMAGNETIC COMPATIBILITY

8. ETR EASTERN TEST RANGE = KENNEDY SPACEFLIGHT CENTER

9. EVA EXTRAVEHICULAR ACTIVITY
10. GFE GOVERNMENT FURNISHED EQUIPMENT
11. GEO GEOSYNCHRONQUS ORBIT
12. GSE GROUND SUPPORT EQUIPMENT
13. HEO HIGH ENERGY ORBIT

14. 1I/F INTERFACE
15. IFWG INTERFACE WORKING GROUP

16. I0C INITIAL OPERATING CAPABILITY

17. IVA INTRAVEHICULAR ACTIVITY

18. LEO LOW EARTH ORBIT
19. MTV MANEUVERABLE TV FLYER
20. ORV ORBIT REPLACEABLE UNIT
21. OTv ORBIT TRANSFER VEHICLES
22. POCC PROGRAM OFFICE OPERATIONS CENTER
23. RMS REMOTE MANIPULATOR SYSTEM
24, S3 SATELLITE SERVICES SYSTEM
25. SCF SATELLITE CONTROL FACILITY (USAF)
26. SOC SPACE OPERATIONS CENTER
27. SSO SATELLITE SERVICING ORGANIZATION (JOHNSON SPACE CENTER)
28. SS0OCC SATELLITE SERVICES OPERATIONS CONTROL CENTER
29. STC SATELLITE TEST CENTER (USAF) -
30. STDN SPACE TRACKING AND DATA NETWORK (NASA)
31. STt SYSTEM TEST EQUIPMENT
32. TMS TELEOPERATOR MANEUVERING SYSTEM
33. WBS WORK BREAKDOWN STRUCTURE

vi
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STUDY OBJECTIVES

The Study Objectives are presented in order to orient the reader and to set the stage for the

remainder of this presentation.
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STUDY METHODOLOGY

This chart shows an overview of the tasks which made up the Satellite Services System Analysis Study .
and their progression. }

The early mission model was developed through a survey of the potential user market which included
NASA, DoD, commercial and international space ventures. Service functions were defined and a group
of design reference missions were selected which represented needs for each of the service functions.
Servicing concepts were developed through mission analysis and STS timeline constraint analysis.

The hardware needs for accomplishing the service functions were identified with emphasis being
placed on applying equipment in the current NASA inventory and that in advanced stages of planning.

A more comprehensive service model was developed based on the NASA and DoD mission models segregated
by mission class. The number of service events of each class were estimated based on average revisit
and service assumptions.

Service Kits were defined as collections of equipment applicable to performing one or more service
functions. Preliminary design was carried out on a selected set of hardware needed for early ser-

vice missions.

The organization and costing of the satellite service systems were addressed in the program planning
subtasks.
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LOCATION OF PLANNED SATELLITES

AVERAGE ALTITUDE DISTRIBUTION

This histogram and those that follow characterizes the LMSC s3 data base. The listings of planned
missions is not exhaustive because most synchronous and planetary probe missions were deliberately
excluded. Only a sample of these mission types were included to represent the "deployment only”
classification. The average altitude distribution is plotted in this figure. The DoD missions al-
titude profile is markedly different from the z>m>\noaamxomm¢\ﬁoqmﬂ@= missions. The DoD altitude
distribution indicates that the preponderance of the satellites are higher than the Orbiter capability
and will require propulsion (and guidance) to rendezvous with the Orbiter for servicing.

Data entered into the data base was drawn primarily from:

NASA STS Mission Model - 1977

STS Flight Assignment Baseline - Sept 1980

DoD STS Utilization Plan - May 1980

Random Sample of Norad Space Objects Identification Summary

INCLINATION DISTRIBUTION

This figure illustrates the difference in inclination distribution between the NASA/commercial and the
DoD missions. The lack of a large number at very low inclinations is due to the deliberate exclusion
of synchronous-equatorial missions except for a few representatives for the "deployment only" mission

classification.
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SPACE DEBRIS AND OPERATIONAL SATELLITE ALTITUDE DISTRIBUTION

The space debris and operational satellite data entered into the SSS data base was derived primarily
from an unclassified random sample of the Norad Space Objects Identifications Summary provided by
JSC. No classified data was entered. The curve can only be considered as a rough indication of the
distribution of 11,000 pieces of space objects in the Norad Listing. The lack of low altitude pop-
ulation probably is caused by the rapid decay of satellites in these orbits. No distinction is
drawn between existing operational and dead satellites because most currently operational satellites
will become space debris in the 1983-1993 study timeframe. This sample indicates the potential

for garbage disposal missions.

Conclusions ‘drawn are:

o The recovery/disposal of space debris will in general require the use of some form of orbital

transfer vehicle; or

e Debris removal must wait until the orbits decay to the STS standard orbits.
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MISSION CLASSES VS SERVICE FUNCTIONS

This figure cross-correlates the service need functions and the classes of missions. Each "X" in-
dicates a potential service function for that class of satellite. Not all functions are applicable
to a specific member of the satellite class, but it is evident that the free flyers are subject

to the widest potential for servicing.
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DESIGN REFERENCE MISSIONS VS SERVICE FUNCTIONS

This table illustrates the procedure used to narrow the choice of Design Reference Missions. Each

candidate was evaluated for service functions that are required or useful for the mission. The

candidates shown here are the Design Reference Missions which were ultimately selected.

set requires the full complement of service functions.

1-12
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CANDIDATE NEW EQUIPMENT FOR PRELIMINARY DESIGN (PART II)

The eight categories of new equipment are presented here. Items selected for preliminary design in

Part II of the study are indicated. The results of the design effort are given in Section 2 of this

report.
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PAYLOADS OF OPPORTUNITY

The term “"payloads of opportunity" is used in the NASA Flight Assignment Baseline but not defined.
It means the identified excess capability in payload weight and length for a given STS flight.

The data presented here shows the complete set of opportunity payloads for both NASA and DoD
flights. Every STS flight having either weight or length available was listed. This results in
showing some payloads with zero length but finite weight and vice versa.

The flights are grouped by year and inclination. The individual altitudes are the STS low altitude
standard orbit. For purposes of rendezvous servicing, the orbit would be modified to match that

of the target satellite. Rendezvous timing requirements could preclude effective use of a given
flight if the primary mission has critical Taunch window constraints.

The flight assignment baseline is truncated in 1985 but the opportunities for carrying ancillary pay-
loads will grow with expanding STS use.

The median weight provided for the non-zero payloads of opportunity, based on a log normal distrib-
ution, is 5100 1b.
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PRINCIPAL ACCOMPLISHMENTS
PART I

The accomplishments of Part I of the Satellite Services System Analysis Study have been a logical

and traceable progression from the definition of a:m satellite user market and the selection of

the design reference missions to the definition of a comprehensive set of satellite service functions
and the identification of service equipments (existing, modified, new) and their first cut cost

estimates.
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CONCLUSIONS

The principal conclusions of Part I of the study are summarized. Requirement for a AV capability
above and beyond the current STS capability is of prime importance for the development of an effective
satellite services system. Of equal importance is the need to design future satellites for on-orbit

servicing.

The fact that the current NASA inventory of a space qualified equipment can be used by the astronauls
in performing an extended variety of service functions is a tribute to the advanced planning and the
capability of man-in-space. No large expenditures are required to establish an organized satellite

service system.
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MODIFIED GRAPPLE FIXTURE

PURPOSE:  The existing RMS Grapple Fixture is designed for permanent emplacement on satellites
destined for launch/recovery by the orbiter. For the purpose of giving the device portability and
universality of application (e.g., for use in recovery of satellites and space debris without a pre-
launch installed grapple), a design modification is presented consisting of a stand-off adapter pro-
vided with and end fitting or attachment lug suitable for use with a variety of spacecraft attachment
devices. (The attachment fixture is presented in the next Figure.)

REQUIREMENTS:

o Design Loads - Launch/Landing as stowed
- Orbit, sustain all RMS load capabilities

Interface with standard female receptacle on S/C attachments
Crew transportable

Size: 292 mm (11.5 in) x 150 mm (5.9 in)

Mass (with (S/C attach) - 8.39 Kg (18.5 1b)

OPERATIONS: A portable, modified grapple fixture is provided in each recovery tool kit together with
a number of S/C attachment devices. After an initial survey of the object being retrieved, the wost
suitable S/C attachment device is withdrawn from tool kit and affixed to the attachment stud of the
grapple fixture by means of a mating, female receptacle and a locking, or "Pip" pin. The assembled
device is then carried to and attached upon the recovery object by the EVA crew. A loop is provided
for transportation by belt tether. Hand carry and manipulation capability is provided by gripping
the grapple probe rod.

APPLICATIONS: The Modified Grapple Fixture is potentially included in the Earth return, Deorbit, and
Spin Service Kits. ‘

2-2
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GRAPPLE FIXTURE ATTACH OPTIONS

PURPOSE: The total Portable RMS Grapple is made up of two elements: (1) a standard RMS grapple
fixture modified by a stand-off adapter and male attachment stud, shown on the previous chart; and
(2) a spacecraft interface device made up of an attachment mechanism and a female receptacle suitable
for mating with the male stud on the modified grapple fixture. The stud and receptacle hole are of
hexagonal design for the transmission of RMS torsional inputs.

Three typical spacecraft attachment options are shown; a bonding pad system for attachment to satellites
which have flat or large radius-of-curvature surfaces, a strap-on device for attachment to intermediate
sized spacecraft members, and a clamping or "Ice-Tong" device for attachment to two relatively smail,
parallel members.

It should be noted that the use of a detachable "female receptacle" for the grapple spacecraft inler-
face permits a much wider variety of spacecraft attachment schemes than are shown. In scheduled
recovery missions, these devices can be tailored to conform exactly to target spacecraft design pe-
culiarities,

REQUIREMENTS:

o Design Loads - Launch/Landing as stowed
- Orbit, sustain all RMS load capabilities

o Interface with standard male attachment stud or grapple adapter
o Size (Max), 510 mm (20 inc) on all three dimensions
o Weight - not to exceed 8.39 Kg in combination with modified grapple fixture

ovmz>q~oz". See Modified Grapple Fixture description.

APPLICATION: As with the modified grapple fixture the spacecraft attach options are candidates
for use in the Earth REturn, Reorbit, and Spin Service Kits.

2-4
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PORTABLE FOOT RESTRAINT

PURPOSE: In its present application, the standard foot restraint is used as a fixed installation in
larger systems and its use is limited in terms of both location and orientation. In order to provide
for much wider application as well as versatility, the design has been extensively modified. Shown
here is the design for application on the Space Telescope as well as other satellites where portability
and articulation are advantageous.
REQUIREMENTS: The portable foot restraint shall comply with and conform to these requirements:

o Ultimate design load is 623N (140 LBF)
Extension - 5th percentile female to 95th percentile male
Sized for EMU boot
Articulation - + 360° Yaw, + 360° Roll, * 30° pitch
Dimensions - 812 mm (32 in) x 509 mm (20 in) x 330 mm (13 in)
Mass - 8.16 Kg (18 1bs)

Power - none

OPERATION:  Each satellite service kit is provided with a portable foot restraint (PFR). On missions
where periodic servicing is planned, female receptacles for the PFR are included in the spacecraft
design at the required servicing sites. For a particular service task, the PFR is brought to the site
and locked into the receptacle. Simulated service tests have shown that movement and work capability
are severely limited by the fixed PFR. Therefore, articulation in roll, pitch and yaw are included in
the redesign which greatly increases the sphere of work activities and lessens or eliminates fatigue
stemming from working in awkward positions in the EMU.

For application in unscheduled servicing operations, the spacecraft/grapple fixture attachment devices
shown in the previous chart are directly applicable for PFR emplacement. They employ the same attach-
ment stud receptacle.

APPLICATION: The Pgrtable Foot Restraint is included as part of the Standard mission support modules
which are intended to support all service missions.

2-6
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PORTABLE GROUNDING STRAP

PURPOSE: Large electrical potential differences are known to build up between and within objects in
space. These charges, which can reach values as high as 25,000 volts, are relatively harmless to
personnel, because of the low amperages involved, but can cause severe damage to electronic elements
and circuitry. Any servicing operation which involves linking a satellite or space debris to the
orbiter must include a preliminary discharge of these potentiak and the maintenance of a common
ground potential. The Portable Grounding Strap has been designed for these purposes.

REQUIREMENTS: The principal requirements for this device are:
e Positive, preloaded electrical contacts
Multi-path electrical conduction
High flexibility and resistance to fatique failure
External insulation, compatible with the orbit environment
High tensile strength
Physical size (diameter) compatible with space glové manipulation

Low weight

OPERATION: Each applicable service kit is provided with a coiled, 15 meter length grounding strap.
The conductor is a 12mm diameter braided cable made up of copper filaments. The insulating cover is
of 1.5 mm thick, high dialectric material which extends over the shanks of the end attachments. The
simplest and most reliable attachment method is the post and butterfly nut arrangement shown here,
which clamps against a large version of a standard wire terminal. In this application it is shown
combined with an EVA equipment handle, but individual spacecraft attachment methods are available.
For situations where preplacement on me satellite is not possible, a modified alligator clip with a
positive toggle lock (e.g., "Vicearip\® " pliers) is proposed.

APPLICATION: The Portable grounding stap will be used with all service kits with the exception of

Deployment and Earth Return. The former mission class has no need for the ground and the latter is
provided with mission specific umbilical having its own ground; see next chart.

2-10
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MATE/DEMATE UMBILICAL ’

PURPOSE: A definite requirement exists for an electrical umbilical which provides for manual (EVA)
connect/disconnect as well as remote disconnect. The umbilical is used prior to satellite deployment,
during recovery, and servicing operations as well. In most operations, connector designs conform
exactly with requirements for transmission of power, communications, checkout, control data, etc. Tor
planned recovery of non-orbiter launched satellites it is necessary to provide the female umbilical
connector unit on the satellite prior to launch.

REQUIREMENTS: The design 1mn=mwmam=am for the mate/demate umbilical include physical, mechanical/
electrical, interface, and human factors considerations.

o Mechanical/Electrical

- The device shall adequately service and function in all mechanical, thermal, chemical
and electromagnetic environments imposed during the total service 1ife as specified in
JSC 07700, Vol. XIV and attachments.
- Grounding same as the portable ground strap.
- Power and data transmissions are payload specific and are orbiter supplied or accomodated
- Demate is automatic with manual override; mate is manual (EVA).

¢ Human Factors requirements are:

- EMU/EV Glove accessibility (physical, visual, tool Clearance)

- Maximum manual force at mate = 34 Nm (25 Eb-Ft)

- Manual override for demate (ratchet wrench/socket) = 2.71 Nm (2Lb-Ft )
- Display signals for verification of proper mating

- Jettison capability

e Physical Characteristics:

Size is payload specific (ST design shown is 252 nm X 110 mm X 500 mm)
Mass (common elements) = 8.8 kg (19.5 1bs)
Power is payload specific

OPERATION: Automatic demate is initiated, upon signal, as a part of the satellite deployment sequence
of events, and is accomplished thorugh the medium of dual camshafts operated by either of two redundant
electric drive motors. The cams, which drive the male connectors (two, in the accompanying figure) out
of the the female sockets, can be operated manually, using a 7/16 inch socket and ratchet wrench on the
hexagonal extensions of the cam shafts. After separation pre-loaded cables and takeup reels draw the
male connectors into stowage cradles at the Orbiter bulkhead.

2-12
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MATE/DEMATE UMBILICAL (CONT)

OPERATION: (continued)

Mating procedures are always manual, whether performed prior to Orbiter launch or as a part of EVA
activities after satellite recovery for servicing or earth return. After insertion of the male
connectors in the female receptacles, final lock-in is accomplished through a quarter turn of the large
butterfly handles on the connectors (locks are overridden during the auto-demate).

APPLICATION: The Umbilical, Mate/Demate is a part of service kits for Sortie, Changeout/Resupply
Reconfigure, and Earth Return missions.

2-14



S1-2

—~ 4311840

P .
—
_ (439> uPHJJmh<m.a//w
MW €162 | .
NI 0s°6 _ NOI1OM
! iy 1J3NNODSTG
_ |
t
i |
[ i
] _//
| \\
4 L ﬂ/ ) =1 |
\
~
NG 4| (2) $37Iv1d3I3Y
B #@ ™~ ERITTER
- 370vY)
~— J9VN01S R
.2 (Z) SAVL VA3 HIIM
Qw P SY01J3INNOT 3VH
sy .///r||.xuhmmzo 01 31I71731YS
_ -NOISHNIXI ~ 43I0 (NIS) WHO"L2Z]
: A18HISSY
=133y dn-3xve

B TN D lru m — — v— U O — R R R R R S L e Y N I TR A S e R o T A TR v Y Tew pomry v mracoyarmos

[eaIquin ojewag/aeyy




SHARP CORNER/EDGE PADDING

PURPOSE: Provisions are necessary for elimination of hazards to the crew during EVA posed by sharp
corners, edges, and protruberances encountered on satellites or debris not specifically designed for
EVA. The most practical approaches for removing these hazards involves the padding of sharp edges and !
the coating of sharp protruberances. The first approach entails the provision of padding which has a
smooth, tough outer surface backed by a layer of soft spongy material, and an inner surface coated
with a bonding agent suitable for use in-vacuum. The sharp protruberance coating substance must be
easily applied with a suitable applicator and must present a smooth, non-snagging, and non-sticky
surface after application.

REQUIREMENTS: The principal requirements which must be satisfied in edge and corner padding are:

e A variety of preformed shapes which anticipate the most common flange and corner con-
figurations on satellies

Non-gas-off, non contaminating materials throughout.
Quick, vacuum setting bonding agent on pads which can be activated at the EVA work site.

N
® e o

Soft, spongy inner layer capable of attenuation of inadvertent impacts and scrapes. "
o Pad conformance to EVA glove manipulation requirements.
Protruberance coating material shall have:
e Proper flow consistency for zero G and vacuum handling.
Quick setting characteristics.
Adhesion to all hazardous elements

No gas-off or contamination

OPERATION: An assortment of pads an a protruberance coating applicator is transported to the EVA work
site in a carrying/stowage case. Upon selection of a suitable pad for covering a particular hazard,
the crew member activates the anarobic bonding agent by stripping the cover from the inside surface :
of the pad (tabs suitable for EMU glove manipulation are provided for this purpose). The pad is then s
folded about the flange or corner and held in place until the glue begins to set. When all flanges/

corners in the work area have been covered, sharp protruberances such as bolt heads, pins, safety wire,

etc. are coated with coating applicator. The next chart describes the applicator and coating sub-

stance.

APPLICATION: Sharp Edge/Corner Padding is a part of the Sharp Edge Padding Kit which is part of the
service kit for each mission type.
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SHARP_ PROTRUBERANCE COATING APPLICATOR

PURPOSE:  Sharp projections or protruberances such as bolt heads and threaded ends, cotter keys,
safety-wire ends, jagged holes, etc., must be anticipatedas a hazard on servicable satellites and space
debris. Since the use of sharp edge and corner padding is impractical for covering a large number of %
relatively small hazards, the most attractive scheme is to cover them with a coating of substance

which renders them smooth and harmless, as described in the previous chart. For the purpose of applying
this substance, a calking gun suitable for use in space and opeérable by a suited astronaut is required.
Conveniently, a device developed and tested for use in orbiter tile repair is equally suitable for use
as a Sharp Protruberance Coating Applicator with a small change in flow nozzle shape and material
formulation.

REQUIREMENTS:

e Small size and mass for ease of handling and stowage in pad carrying case !
e Automatic, hand triggered operation ,
e Quick, Reliable shut-off

¢ Handle designed for suited use

e Coating material conforming to requirements stated in Sharp Corner/Edge Padding text.

OPERATION: The main housing of the applicator is made up of three concentric cylinders. The innermost
cylinder contains the static mixing units for mixing the coating components prior to expulsion through
the nozzle. The space between this and the next cylinder contains the catalyst and the outermost space
contains the resin. The resin is an RTV polymer. The motive force for mixing and expulsion of the
coating materials is provided by two CO2 cartridges. Operation is initiated by a downward stroke of the
€02 activation lever. A trigger mechanism in the carrying handle meters pressure into the two outer
chambers and behind the double drive pistons. The latter are linked by a cutting blade which splits

the intermediate nylon cylinder permitting uniform movement of the pistons and thus the monomer
components through the mixing chamber and nozzle. Included in the trigger linkage is a contingency
cutoff lever at the forward end of the carrying hand. This insures that over flow does not occur.

Since the setting time for the particular mixture used in the repair kit was considerable in excess of
that required in this application, themixture ratio and thus the relative volumes of the resin and
catalyst chambers require redesign. Final mixture ratios for this application remain to be determined
on the basis of time line analysis and simulation.

APPLICATION: As a part of the Sharp Edge Padding Kit, the Applicator is included on all service missions.

2-18
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SHARP CORNER/EDGE PAD KIT

PURPOSE: Previous figures and text have dealt with the methods and devices and materials necessary

to the elimination of the hazards posed by sharp flanges, edges, corners and protruberances. In the
interests of simplifying the task of transporting the padding and coating elements to the work site

as well as providing a protective environment,  a carrying case suitable for EVA use has been designed.
The kit is comprised of the carrying case, an assortment of pad shapes and sizes, and a sharp
protruberance coating applicator.

REQUIREMENTS: The kit requirements are:
o Size & weight suitable for ease of EVA transport & handling.

Carrying handle & safety tether loops.

Smooth surface, rounded corners.

Easily manipulated cover with "self parking" characteristics.

Adequate sealing/protection during transport.

Method for handling pads and applicator in place in Zero-g prior to use.

OPERATION: The kit is transported to the work site by carrying handle or belt tether. Access to tLhe
contents is achieved by sliding back the "Roll top" cover using the 1id handle. The latter is a cam-
action device which allows the 1id to slide when pushed -or pulled in a direction parallel to the 1lid
surface, but which locks the 1id at whatever position the handle is released. Pads are held in the
kit by means of a Velcro R attachment between their bottom edges and the kit liner. The applicator
is attached to the inside floor of the kit by means of two spring clips.

APPLICATION: The Sharp Edge Padding Kit is included in the service kit for all service missions.

2-24
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DEPLOYMENT AND MAINTENANCE PLATFORM
(SATELLITE EXTRACT/INSERT PIVOT/ROTATE TABLE)

PURPOSE: The "Satellite Extract/Insert Pivot/Rotate Table" was identified as a needed service tool in
Part 1 of the SSSA Study. It is an outgrowth of the Deployment and Maintenance Platform being developed
for the Space Telescope. This platform is designed to perform the functions of aiding the deployment

of the spacecraft or stowing it for earth return. In this respect it performs the functions sometimes
referred to as the "Payload Insertion and Deployment Aid". As added functions, it provides a berthing
platform which holds a recovered satellite. Its pivoting and rotation capability support main-
tenance (service) operations from the orbiter bay. These latter functions are sometimes referred

to as "Holding and Positioning Aid “. For clarity and functional distinction, the table is referred

to as the "Deployment and Maintenance Platform " (DMP).

REQUIREMENTS: In meeting its design goals, the DMP shall:

e Survive all orbiter service environments included in ‘the periods of usmydmcsn:. launch, and
orbit injection, orbit operations, entry and landing.

¢ Berth and manipulate satellites accurately and safely.
e Tilt the payload out of the cargo bay to a checkout and separation position.

o Rotate for appendage deployment ORU maintenance and refurbishment (i.e., bring the work to
the EVA crew persons).

e Stow and latch satellite for earth return.
e Maximum Mass 567 Kg (1250 1bs)
o Operate on 115 VAC, 400 Mz + 7Hz power supplied by orbiter

OPERATION: The DMP is designed to act as the aft launch support on relatively light weight satellites,
which it supports by means of the latch mechanisms on its deployment mainteannce platform. For large
payloads, such as the Space Telescope, the platform is swung aft of but aligned with the satellite
latch interfaces. Upon achieving orbit and opening of the cargo bay doors, the deployment main-
tenance platform is attached to the large satellite, cargo bay trunnion attachments are released, and
the satellite is tilted into a vertical (Z-axis) position by means of the pivot mechanism. The
Satellite is then turned by the rotation mechanism to a position which insures that deploying
appendages will clear all parts of the Orbiter. Final appendage deployment and spacecraft checkout

2-26
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DEPLOYMENT AND MAINTENANCE PLATFORM (CONT.)

OPERATION: (Continued)

takes place. Finally, the RMS is engaged, latch mechanisms released and the satellite is removed to
the deployment position and attitude. Retrieval and stowage of a satellite for earth-return is the
reverse of the foregoing procedures. In missions where refurbishment, equipment change-out, and
maintenance is sole objective, the satellite is retrieved and bherthed to the DMP and latches are
engaged. After retraction of appendages (auxiliary power from the orbiter may be required for this
operation), the planned worksites on the satellite are rotated to the crew member. The required
replacement units and supplies are loaded. After refurbishment, appendage deployment, and checkout,
latches are released and the RMS places the satellite in the separation position.

APPLICATION: The DMP is used for Repair, CR&R, and Earth return missions.
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CARGO BAY RACK/TIE-DOWN PLATFORM

PURPOSE: This structural assembly serves several functions. In the first of these, it is used as
an intermediate stowage or handling area when a number of tools must be brought from the stowage .
container to the satellite work site. Secondly, it provides an open, flat surface used as a work W
bench for planned and unscheduled service operations. Finally, it serves as a cargo tie-down platform -
for use in recovery/earth return operations of satellites and space debris which have no provisions
for normal cargo bay stowage.

REQUIREMENTS: The Rack/Tiedown Platform shall:

e Survive all orbit, entry, and landing environements when supporting a payload of not more
than 450 Kg (1000) 1bs.

o Provide a number of attachments at locations on the structure convenient for intermediate
tethering of SSS equipment and tools during transport to the EVA worksite.

o Provide work holding devices (clamps, vise, "Third hand" holding jaw) for work bench
application.

e For cargo tie-down provide recessed tiedown fittings in the deck to be used with standard
aircraft-type tiedown straps and cinches. Also provide cargo winch for tightening rope/cable
tiedowns.

e Be placed in unused cargo space (e.g., over OMS Kit).

OPERATION: This is a passive structure which does not "operate" in the normal sense of the word. Its
multiple functions are stated above, and a typical servicing task must be postulated to describe Lhese
functions. Suppose that an existing, spent satellite, not designed for Shuttle, is being recovered

for on-orbit repair/refurbishment or earth return. After rendezvous, attachment of a portable grapple
fixture and a grounding strap,any appendages are removed or stowed. It is then grappled by the RMS and
brought to the deck of the rack and oriented so that it fits within the cargo bay clear volume.

Then, using the tie-down provisions, it is strapped to the rack deck and examined. If refurbishment and
replenishment are possible, the tools for those tasks are brought aft from the stowage container and
tethered to the rack and the work proceeds. If refurbishment is not possible, but earth return is :
desired, any appendages interfering with cargo bay doors or incapable of withstanding the reentry and .
landing loads are severed. The satellite is then rearranged on the rack to sustain the reentry loads
and strapped down for earth return. It is obvious that satellites which do not fit within the stowage
envelope or which exceed the design weight limit of the rack will not be candidates for recovery in
this manner.

APPLICATION: The Cargo Bay Rack/Tiedown Platform is applicable to the Sortie and CR&R missions in
addition to the Earth Return.
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S3 PLANNING PERSPECTIVE

An evolutionary approach is proposed for the development of the Satellite Services System, in order
to keep early year funding relatively low and to take advantage of the existing and soon to be avail-

able service equipment.

Three major evolutionary steps are envisioned:

INITIAL: Near-Orbiter servicing, involving satellites and services in LEO, directly accessible

by the STS

EXPANDED: Distant from Orbiter servicing, first in LEO not directly accessible by the STS
and subsequently in GEO.
SPACE With the availability of the Space Operations Center in 1989=1990, space based servicing

BASED:
will become possible for co-orbiting satellites, and satellites in LEO, HEO and GEO,

3-2
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s3 MISSION FUNCTIONS

To provide the maximum cost benefits and to simplify the functioning of a satellite servicing system,
an integrated effort is indicated in which common equipment and facilities are utilized. This program
plan is based upon this premise.

The mw coordinates the user needs for servicing equipment and provides designs and operating methods

that can apply to many space missions.

3

Preplanning for forthcoming and future mission support ensures that necessary $° equipment is available

3

when needed. A storage depot keeps on ready status the spare components and S” modules and kits to be

manifested for STS-supported missions.

3 equipment; the equipment is renewed

A ground repair and refurbishment depot cycles failed or worn S
for further space use. This approach, as opposed to buying new equipment, results in significant cost

saving.

gecause of the rapidly expanding space operations with the Space Shuttle, special attention is paid
to having proper types and quantity of spares. Further, the widened use of expendables for resupply
of long-duration space missions merits strong consideration of bulk buying and storage in common-

3

use facilities. Therefore, an integrated logistics supply effort is planned for the S operations.
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53 MISSION OBJECTIVE

The principal objective of the mw

implementation is a standardized space servicing system utilized
by all agencies with satellite and planetary programs. Lacking this approach, the space operations

of the 1980's can become a complicated series of project-unique operations.

A central organization is defined to integrate the needs and operations of the various large user

3

agencies and individual users. S° can support a wide variety of users and space vehicles if the

proper planning is done. The central-management approach is presented later in a separate chart.
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SYSTEM REQUIREMENTS

The principal overall system requirements are enumerated here. The near term application of satellite
services is limited to near-orbiter operations. This implies either accessibility of the serviced
satellite by the orbiter or the maneuvering of the satellite to the STS accessible orbit by its own
capability or a separate autonomous transfer <m:¢ndm~nmwmcﬂ_ﬁﬁ<.

Key to the utility of the mw is its application to a wide spectrum of the national space resources.
This approach permits the application of common equipment and operations to the various users. The

implication of this requirement is that the various user agencies cooperate in making use of the

common equipment and design their space vehicles to be compatible therewith.
A1l servicing is intially planned to be orbiter based. Future trends to Large Space Platforms

and Space Operations Centers indicate that early equipment and operations development be oriented to

eventual application on such space stations.
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TYPICAL EARLY SATELLITES

The Program Plan is based upon in-depth analysis of an inventory of satellites space platforms, and

other space vehicles. Their servicing needs were reviewed and servicing equipment concepis were

developed.

Examples of some early satellites which are candidates for near-orbiter service are shown.

The Galileo satellite attached to an upper state, IUS, is carried to LEO by the Shuttle. This is a

planetary vehicle; its servicing is therefore limited to deployment in LEO and checkout.

The Space Telescope and the Solar Max Mission have been designed for retrieval and servicing by

replacement of Orbit Replaceable Units (ORU's). Failed ORU's will be returned to Earth and repaired

or refurbished for reuse.
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LOCATION QF PLANNED SATELLITES

The future space missions, including classified military, have been grouped by operational orbit. The
quantities of missions at each inclination and altitude are shown.

It is evident that the majority of satellites operate above the STS standard orbit. However, this does

not necessarily negate revisit servicing. The mw

and Orbit Transfer Vehicles (0TV's).

can include Teleoperator Maneuvering System (TMS's)

e TMS - Carried by Orbiter; flies from STS standard orbit to the satellite, retrieves it, and
returns to Orbiter. After servicing, the Satellite is returned to its operating
orbit.

e OTV - This larger propulsion stage has propellant capability to transfer from LEQ to GEO
and return. It carries spare modules for satellite repair and a module exchange
mechanism. It flies to the satellite, docks and makes repair and returns LEO orbiter-
accessible orbit. A variant of this mode provides for the OTV to return the satellite
to the Orbiter for repair.

Inclination changes can also be made by the OTV. It most cases, satellites are placed in orbit planes
that are accessible by the Orbiter.

A satellite designed with its own propulsion capability to take it from the STS standard orbit and
return would preclude the need for auxilary propulsion capaiblity.
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FUTURE NASA/COMMERCIAL MISSIONS

Beyond the currently committed space missions, most of which are science or military oriented, NASA
has developed plans for future missions. The chart shows a NASA/HQ scenario for a gradually expanding

space effort.

A transition is evident from the smaller science -payload satellites to larger vehicles and space

platforms primarily oriented to applications or commercial missions.

The Orbiter supplemented by the PEP and 25 KW Power System provides increased on-orbit power to the
space vehicles. Upper stages (Advanced Centaur and 0TV) provide increased propoulsion to transfer

larger space vehicles/equipment to GEO.
Manned operations in space will increase. By 1990 a permanent manned facility, the Space Operations

Center will be operational in LEO. This space platform forms the base for the first Space Servicing

Depot (defined later).
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TYPICAL SPACE PLATFORMS

The first manned base, the Space Operations Center, is shown. It is operated in LEO and revisited
3

periodically by the Shuttle for crew rotation and logistic supply. This base accommodates the S
Space Depot comprising:

Servicing Equipment and Service Platforms

Spares Storage Racks

Tank Farm for Expendables and Fluid Transfer Modules
Test/Checkout Equipment

TMS/0TV Storage

SPARE ORUs

In 1986 the 25 KW Power System will be available as a free-flyer support spacecraft for a variety of

platforms; two of these, are high on the mission-priority list:
Space Processing/Life Science Facility - The initial Life Science Lab Module will be operable
by 1986. A Materials Experimentation Module (Space processing) will be added in 1987. A
Habitability Module transforms this platform to a manned facility in 1988. Servicing,

no:mﬂmnﬁzmow experiment and materials supply and exchange, is provided by the mw.

Large Science/Application Platform - The "initial expandable" unit will be operational in 1986.

Structural add-ons and modular paylaods can be added. Pallet-mounted payloads are added,

exchanged, or repaired by the Orbiter based mw.
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FUTURE MILITARY MISSIONS

The USAF ,DARPA and Navy agencies plans for their future space missions in four functional areas

are shown here.

The manned-station operational dates appear to lag the NASA pianning dates. However, the operation

of the NASA space station is expected to accelerate the military appliacation of the technology.

These military missions are included in the total summary of potential customers for mw.
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MAJOR HARDWARE ELEMENTS
The elements of the mw hardware that are under the cognizance of the Satellite Service Organization
(SS0) are listed. The design, manufacture, test, and operation of this hardware is contracted for

and by the SSO.

The Space Depot is operated either as an autonomous space base (manned or unmanned) or as an add-on

facility to the planned Space Operations Center.

The Ground Depots need not be new facilities, but rather, modifications of assigned areas of current

facilities at the Yaunch sites.

The support vehicles, whose primary operational function is to support - Satellite Service will be

developed under the direction of the SS0.
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3 KITS AND EQUIPMENT

3

Six basic types of S° equipment are shown. Under each are grouped representative servicing ;

equipment.

The Orbiter Accommodation Hdw comprise mw

items that are installed in the Orbiter for service
missions. Items are specifically manifested for each flight. Commonality adaptability to a wide
variety of missions) is fundmental to this system concept to reduce the inventory of different ' !

articles performing the same functions and reduce changeout of the orbiter for different missions.

The Satellite Accommodation Hdw is developed as standard supply items (possible GFE); they are
supplied to satellite contractors to help meet the requirements for serviceability. Mission- aique ;
variants are minimized.

-

The expendables resupply equipment comprises an inventory of equipment for transporting propellants,
gasses, and other fluids to orbit for replenishment of satellites or tank farms. This becomes

an important servicing function as growing quantities of satellites require long-duration operation i
in orbit.
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3 SUPPORT VEHICLES

To ensure an integrated space servicing effort, it is planned that special support vehicles such as o
those shown will be a part of the mw equipment inventory. These space vehicles perform space servicing . ;

operations exclusively.

The maneuvering stages are used to retrieve satellites from remote locations and return them to
the orbiter. After the satellites are serviced they are returned to their operating orbits. The
propulsion stages are refueled from mw expendable tankage, also carried by the Orbiter. i

The teleoperator stage flies to a remote satellite and exchariges satellite modules. Docking with

the satellite and module exchange is accomplished automatically with TV monitoring from the Orbiter.

Man-in-loop remote control can be substituted for the automated functions or be used as backup mode. .
The teleoperator can be mounted on the Maneuvering Stage to obtain greater range of remote operations.

For short-range remote operations with satellites or platforms, where servicing tasks require

manipulation with closeup man-in-loop, a small Manned Tug is planned. As operational confidence
improves, this manned capsule can be mounted on an OTV for servicing round trips to GEOQ.
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GROUND DEPOTS/FACILITIES

The ground based depots and facilities identified in the course of the study are listed here.
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SPACE DEPOT (SOC)

An mw Space Depot is a natural extension of the Orbiter-based mode of space servicing. As the on-
orbit inventory grows, the servicing load will eventually exceed the capability of the STS to meet the
demands. Further, the transport up and down of mu equipment reduces the net payload capacity on each
flight. The storage of the servicing equipment and resupply expendables on an orbiting Space Depot
provides added servicing capabilities and cost-reduction benefits.

The Space Depot in concept can be unmanned, with automated equipment monitored with override remote
control from the Orbiter and/or from a ground-based control station. The basicapproach , however, is
to develop a manned depot, with crew performing the servicing function using TV remote-control

and EVA operations. This Space Depot can be an autonomous platform; however, to gain the benefits
of sonsolidated operations, the Depot is conceived as a major segment of the Space Operations

Center (SOC).

The common use of mw equipment, both on the Orbiter and on the Space Depot, is made a design requive-

ment in developing the equipment. The transition from Orbiter to Space Depot based servicing can
thereby be straight forward growth of capability.
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3

S” SOFTWARE

3 3

Software for the S” operation is developed in parallel with the design of the S” equipment

and the GSE/STE.

3 System Engineering and Integration

The cognizance for software integration resides in the S
function. Requirements are closely coordinated with the Operations Control Center organization lo
ensure workable interfaces with the existing ground networks and the space communication networks

(TDRS, STDN, USAF-SGLS).

Prototype software is used during the development testing and space operations simulation.
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mw PLACEMENT IN STANDARD SPACE SYSTEM WBS

The WBS shown in this chart indicates where satellite services is placed in the standardized WBS
for Space Systems that has been developed by the Standardization Subgroup of the joint Government/

Industry Space Systems Cost Analysis Group.
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TOP LEVEL S° WBS

This chart shows the top-evel Satellite Services functions and cost accumulation blocks.

The standardized Work Breakdown Structure (WBS) has been developed by the Standardization Subgroup

of the joint Government/industry Space Systems Cost Analysis Group. This WBS features a common

4-level structure that applies to all phases of a space system's life cycle. This framework is
designed to be tailored in both the end-item and time-phasing dimensions so as to create specific
project work breakdown structures that match the programs being procured. In general, levels 1 through
3 are fixed; levels 4 and below are used to implement this tailoring. The philosophy of WBS tailoring
may be summarized as follows:

o End-item tailoring is normally accomplished by expanding the WBS blocks for subsystem-level
hardware, software and services. However, limited end-item tailoring can also be done at
segment level when special circunstances warrant.

o Tailoring in the time-phasing dimension (to distinguish RDT&E, produciton, and 0&S phases)
is accomplished by deleting WBS blocks that do not apply to the instant phase of a program.

Those end-item codes that end in zero (e.g., 10, 20) flag WBS blocks in which program peculiar
tailoring of hardware, software, and services is normally expected. These blocks are to be expanded
with appropriate subsystem and lower level end-item breakdowns.

This standard WBS is end-item oriented; that is, it deals with the dimension of program resources
that result in a definable and product or service. The other dimensions of program cost; i.e., sub-

divisions of work and elements of cost, have not been standardized because they tend to be peculiar
to each user.
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SATELLITE SERVICE SYSTEM WBS

TYPICAL SUBDIVISIONS OF WORK

Design/Analysis

Fabrication and Assembly

Quality Assurance

Test

Tooling and Manufacturing Test Equipment
Administration

TYPICAL ELEMENTS OF COST

Labor Hours

Materials

Subcontracts

Computer Hours
Interdivisional Work Orders
Travel

Reproduction

Overtime Premium

Overhead

General and Administrative Cost
Other Burdens

_Temrination Charges

Other Direct Charges

Fee
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DEVELOPMENT PHASE WORK ITEMS

Each "X" in the matrix indicates which type of effort accomplished in the corresponding

Development Phase.
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CANDIDATE SERVICEABLE MISSIONS

Typical missions in each of four categories are shown. The significant feature of these

3

planned launch dates is the potential need for 5™ support as early as 1982.
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INTEGRATED HARDWARE/SOFTWARE

This plan emphasizes an "integrated" servicing system. Five basic segments are identified as

interfacing with the mu.

The central management of the mw establishes the working interface with each external segment and
defines the associated hardware/software to ensure a composite system which supports all satellite

service users.
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SYSTEM-LEVEL INTEGRATION & TEST
$3 EQUIPMENT

3

The test and integration flow for S equipment is shown.

The qualification articles are subject to factory tests F-2 thru F-5. Each qualification

jtem is refurbished and becomes the first flight article.

A11 flight articles are processed thru F-1, F-6, F-7 at the factory before transfer to the

mw Supply Depot at the launch site.

s3 Kits, selected for each Shuttle flight and satellite mission, are processed through Systems

L-1 thru L-4.

The integration and testing of each mission kit is planned in detail by the Systems

Engineering Organization.
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3

S™ CREW INTEGRATION

Crew operations have a major influence on efficient servicing. All space servicing operations
require crew participation, either man-in-loop remote control of equipment or direct hands-on

activity .in EVA mode.

Crew training includes rehearsal, to maximum extent possible, of orbit operations. Such

rehearsals are conducted in simulated orbit conditions at various levels of reality.

3

AN mu crew activities and training are coordinated by a group within the S” management team.

Crew considerations have a primary impact on organization and operation of the Satellite Service

Operations Control Center (SSOCC). These include the ground monitoring of service operations and

the processing of commands to the mu crew and equipment.

3-60

———— 4



1NOMDIHD/NOILYAYUISEO
LNIWADVIdIY 3 TNAOW JLOWIY

4311940 OL SWIO04.1v1d
ANV S3LITT3LVS DONIHLY3Ig

AD004d ANV I1ddVHD
11 0W3Y HLIM SO SWL

AVAIIY13Y
ONI1ddVYYD 3LITTIALYS

SNOILVYY3IdO Ligy0
dOOT-aAHL-NI-NVW 3.LOWIY

19-€

4/1 NOILY LN3IWNDod

ay002/A3Qa 20¥d/SNVY1d

TVNV SV34/SNOILVY.LSNOW3Q
LOVHUILNI WOOUd NOLLYDI41HIA
12NANOD NOILVINWIS

Ad002D YOLVINWIS/INNDOW

O3LNI ANV d/1 WD0Ud NOILVINWIS
OFALNI WO0Ud DONY.L M3YD L4

ONINIVYL M3YD

. NOILLYINdINVIW NYO
dIVdId ANV ATddNsS3y
LNOIONVHD
NOSILL3r/QYAO IDVANIdLV
° 1D23dSNI ALDD ANV TVNSIA
ONINDO0Q/DNIHLY3g

®  ONINOILISOd/DNITANVH LVS

SNOILVY3IdO A3 ANV Al

I L1GHO-dVIN NI

Ndls -

LS -

syalL -
*SADVAUITLNI HHOMLIAN

SWHO4 LV1d/S3LITIALYS
HLIM SIDVAYILNI ¢S

SIS HLIM SIDVHYILNI ¢S

(DD0SS) ¥3ILNID TOYLNOD

SdO IDIAY3S ALITIILVYS

OALNI/IVNY HOLYTINWIS/dNIDOW
S1NdNI 3714 Viva L14

S1NdN! did

SISATVNY INITIWIL MIYD
SISATVYNY JSYL/NOILONNG MIHD
SQY1/sdAD! AVOTAVd - S1S

SLINIWI™INDIY
OJLNI ANV 4/ LY0ddNS M3 YD

SLO3Y OILNI LVYS MIYD

ONITHIINIDONT

SWALSAS M3UD




1
l




£9-8 YHYIE XTIVNOLLHIINI T~ ¢ 39TA

P01 =

saaepIgu| puy swialsAg 1ioddng lolepy




INTEGRATED OPERATIONS

3

The principal segments of the S” operations are shown on this figure. !

mw equipment is transported from the supplier to the Supply and Refurbishment Depot where
kitting takes place at the launch base.

Satellite(s) and mu equipment are mounted in the Orbiter and interfaces are verified.

On-orbit, a checkout of the deployment satellite is conducted and if necessary simple fixes

are made under direction of the Program Operations Contrdl Center or the Payload Specialist. The :
Satellite is then deployed and checked again over an RF link to the POCC or Orbiter while in

station keeping free flight.

Another satellite may be retrieved for repair or changeout/reconfiguration/resupply and after
checkout, is redeployed or returned to earth in accordance with the mission plan.

3 3

Upon return to earth, the S
Depot.

equipment is off loaded and sent to the S™ Supply and Refurbishment
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USER INTERFACES

3 program, a strong

Because the users provide a primary influence on the success of the S
User's Interface function is planned and maintained. Working groups are developed to cover

each of the primary interface areas.

The consolidation of User needs continue with updated requirements and ICDs issued frequently

to inform all parties of existing and planned capabilities.
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GOVT/SUPPLIER Hzamwm>nmm :

With the grosth of space activities as a result of the STS operations, economies procurring

3

and storing of space equipment/supplies are available. The S operation offers an excellent

opportunity to consolidate government procurement te realize these economies.

Consolidated buying, rather than procurement of logistic material on a one-at-a-time mission

unique basis provides obvious system cost benefits.
Simplification of Government procurement, reduction in paperwork load, the reduction of the

logistic supply flow and timelines can result from the consolidaton of service equipment

procurement.
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STS INTERFACES

The space segment of the Space Transportation System consists of the orbiter and propulsion vehicles
such as IUS and Centaur. As space operations are extended, higher-capability, Orbit Transfer Vehicles

(0OTV's) will be placed in the STS inventory. The OTV is pldnned to use cyogenic propellants and be

3

space-refuelable; it is applicable to remote S” operations (high-altitude and GEO orbits).

In the early Shuttle launches of IUS/satellite packages, experience is gained which can be applied
to in orbit checkout and repair of OTV's as well as attached satellites. The propellant replenishment

3

capabilities are added to the S~ as the Centaur and hydrazine-fueled TMS are put into service.
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mw COMMUNICATIONS NETWORK INTERFACES

One of the principal functions of the SatelliteService Organization is to plan, coordinate, and

prepare schedules for use of the NASA and DoD communications networks. The SSOCC implements these

tasks.

The SSOCC is located on the JSC site to assure close interfacing with STS Mission Control.

A separate SSOCC contingent may be located at the USAF STC for DoD missions.

DSCS = Defense Satellite Communications System (DoD)
SGLS = Space Ground Link System (USAF)

STDN = Space Tracking and Data Network (NASA)

TDRS = Tracking and Data Relay Satellite (NASA)
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$3 GROUND SUPPORT INTERFACES

The Satellite Service System ground operations have significant interfaces with the Space
Transportation System ground segment. The 53 flight hardware and consumables require preflight
installation and post flight removal from the orbiter cargo bay. All power and signal interfaces

of the mw equipment, the orbiter, and the payloads require operations planning and checkout consoles.

3

The integrated logistics flow of the STS is impacted by but to a large extent dictates the S” supply

depot activities in order to maintain the flight scheduling.

The flight support of the mu operations (the SSOCC) is organized for close cooperation with the

launch base control, JSC mission control and the Program Office operations centers.
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GSE/STE

The mw equipment is supported by its own Ground Support Equipment and Special Test Equipment. M

3 equipment. u

This hardware is developed in parallel with the S
The function of the GSE is to support, store, handle, transport, and inspect/align/weigh
mu equipment during manufacture, test, launch preparation, and depot operation.

The function of the STE test support during development, qualification, factory acceptance,
and prelaunch verification, and depot testing.

The appropriate GSE/STE which exists in Government inventory is used where possible in the

53 program. i

3

Multiple quantities of the GSE/STE are required to support S° operations at two launch bases

and any remote depot or supply locations.

GSE/STE requirements is managed by the SSO to ensure maximum application of common
GSE/STE.
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3

S” FACILITIES

3 are shown here.

The facilities required for manufactuing/test and subsequent operation of the S
In general, all brick andmortor facilities are in existence. In some cases, modification is required

to adapt to mw operations.

The mu Repair/Supply Depot is listed as "new". However, it can be implemented by dedication
of specific areas within existing buildings atthe:launch site. The integration of equipment into

kits is performed in this depot.

The Satellite Spares Depot can be accommodated in an existing building either off-site or at the

Taunch base.

3

When the VAFB launch site is activated, replication of the KSC S facilities is planned.
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LAUNCH SITE FACILITIES (TYPICAL)

Launch site facilities required for mw Qperations (other than mu Depots) include both existing

general-purpose facilities and additional dedicated areas.

Two of these facilities are shown.

The CITE shown is a general-purpose structural and functional check fixture. Some modifications

are required to accommodate S

3

equipment.
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PRODUCTION/TEST FACILITIES

Facilities exist today for manufacturing and testing of the planned 53 equipment. They

3

are not dedicated to the S” development and production programs. However, with proper planning

and schedule integration, the contractors and Government combined facilities can accept the

3

S” hardware/software work load.

Many of the mw equipment items are large (in the assembled configuration) and require fairly
large floor areas and/or ceiling heights. Although large test facilities are not as numerous as

the manufacturing; mu

schedules can be accommodated if sufficient advanced planning and facilities
interface coordination is done. A Facilities Working Group is planned as part of the mw

central management team.
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s3 IMPLEMENTATION PLAN

The tasks required to establish and implement the Satellite Service Systems are shown in the

sequential relationship.

The plan presented here indicates the implementation elements required.

The organization of efforts and the implementing organizations involved can be established by a

variety of means.
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"PROGRAM SCHEDULE
This master schedule for the mu Development and Production phase is divided into two parts showing
separately the Near-Orbiter or early mw equipment schedule and the longer term HEO/GEQ service hardware

development schedule.

3 programs and prototype

3

Compressing the schedule is feasible if a high-priority is assigned to the S
development and flight test approach is adopted. The flight dates for full complements of 5% equip-
ment are shown to be 1986 and late 1989 under normal development scheduling appear to lag the need

dates for several of the planned NASA missions. The accelerated appraoch is shown in dashed lines.

The implementation of facility designs also is critical. To have the facility modification completed

when needed for mw operations design should start no later than mid-1982.
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SATELLITE SERVICING LOGISTIC PLAN

3

To impiement the broad-scope S” program, a central Satellite Servicing Organization is highly

3

desirable. It can direct procurement of S” equipment modules and direct the integration of this

equipment with the User hardware.

Integration contractor(s) assist the central organization in implementing the logistic network.

The basic logistic flow of Satellites and S°

equipment and the spares for each, through the orbit
and ground operations cycles is shown. Repair/refurbishing and reuse of satellite modules and mu

equipment is emphasized.
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PROCUREMENT STRATEGY

The existence of a central organization for all space servicing provides several advantages.
One is the consolidation of procurement for all material to support satellite service.

Another is the standardization of documentation which reduces duplication of effort and

uncertainty in definition of interfaces.
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3

S” PROGRAM MANAGEMENT APPROACH

The implementation of an effective Satel}ite Services System requires effective, well coordinated
management. A proposed organization is shown. It includes the central (JSC) Satellite Servicing

Organization (SS0) and a directorate for each of the primary functions of the mw program.

In addition, workinggroups and integrating contractors are shown in staff positions to coordinate

and maintain interfaces with critical user agencies and support elements.
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GROUND SEGMENT MAINTENANCE OPERATIONS

o emnd

The planned mu maintenance and Supply depots can refurbish orbit replaceable units and mu equip- =

ment. These depots .may or may not be colocated.

The ORU Reburb Depot may process ORU's back to the supplier if production lines are still
in tact. However, with the exception of the MMS spacecraft modules (ORU's) and a selected x_

few other "series" of spacecraft equipment, production lines cannot be expected to remain

e

.-
—

open indefinitely. The mu ground segment is identified as the system element which maintains

the continuity of equipment and skills required for an integrated long-duration servicing

;\——3

operation.
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DEVEL.OPMENT PLAN OBJECTIVE

This Development Plan is one of three documents defining the implementation of the Satellite

Services System. The Program Plan and Operations Plan complete the set.
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SCOPE OF DEVELOPMENT PLAN

Because of the wide scope of the proposed Satellite Service System, the development is divided
into three echelons or phases. These can be separately implemented if the funding is constrained.

3

However, all S” planning should include all three echelons to ensure an eventual full-service

capability.
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mu EQUIPMENT REQUIREMENTS

3

The S° requirements will be established in detail in the development phase. Several of the

generally applicable equipment requirements are outlined in this chart.

The overriding requirement is to perform each unit of satellite service missions with equipment
and methods resulting in the lowest life-cycle-costs for the total system including the satellite

missions and the mu.
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TYPICAL DEVELOPMENT HARDWARE

3

A number of the required simaller elements of S equipment required are eijther being produced in

support of NASA programs, e.g., the Space Telescope program, or are in various stages of design or
development. Most of this hardware is in the "crew aids" category and supports the servicing operations

conducted by EVA.

The princial hardware elements requiring development or completion of development are listed on this

3

and the following two charts. This equipment requires early development so that the S” capabilities

keep pace with the planned increase of the space vehicle traffic.

3

Development of the Tisted items is included in S” implementation plans.
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SPACE TRANSPORTATION SYSTEM
The principal elements of the STS are illustrated; they supplement and support the mw operations,

The Spin Stabilized Upper Stage (SSUS) is utilized to deliver spinning satellites to their terminal

orbit positions.

The wide-body Centaur is a newly added STS inventory item. It provides boost for space probes and
HEO/GEO satellies. A low-thrust-level bqost stage can accomplish a round-trip to perform
placement or revisit servicing mission to GEO and return to LEO, It would be based in LEQO on a

permanent platform, the SOC, or the planned mu space depot. Replenishment propellant is supplied

duirng revisits to the space platform.

The SSUS, Centaur, and IUS, mounted in the Orbiter will be supported by mu equipment,
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PRINCIPAL STS/SS INTERFACES

Development of the mu

equipment emphasizes the need for interface mating with the existing standard
Orbiter equipment and operations. Mechanical and functional testing; simulation and training is
part of the mm development program.

A primary operations interface involves the free-flight control of the MTV and TMS vehicles and
the positioning and translation of the Orbiter. Dynamic simulation of all operations including

approach and docking of the free flyers are included in the plans.
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ORBITER ACCOMMODATIONS FOR 3

3

The orbiter capability is supplemented by special S Orbiter Accommodation equipment. The general

requirements for Orbiter interfaces are covered in Vol. XIV, JSC 07700 Space Shuttle System Payload
Accommodations.

3 3

The design of equipment necessary to interface the S
Development Program.

hardware to the orbiter is a part of the S

Mission-unique designs are avoided; multi-dimension application of common equipment is stressed.
The exact definition of what constitutes "Satellite Service" Equipment and what equipment is

ancillary to normal user programs requires decision on a case by case basis. The interface items
listed in this and the following chart are on this poorly defined border line.
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DEVELOPMENT TESTS

In the broad sense, development phase testing incudes both the development testing of prototype

hardware and the qualification testing of First-Article flight items.

The tests separately done by each mw equipment supplier on an equipment-by-equipment basis. Ap

integrating contractor is needed to accomplish the integrated-system testing.

3-132

]

B

-
|



£e1-¢

ez (] 2] J H M D O eorssermr s o s e s m i T T A S T T ey ST
S153] Juawdojanag

A1ddNS YIMOd ® ONIJ00¥d JUVMLIOS e
(LHDIT4 ANV ONNOYD) JUVMLAOS (S JdALOLOUd o LNOMDIHD JLITT1ILYS e
(a¥v08av3ye) STINVd TO¥LNOD/AVdSIA ;S ILVYW3A/3LYW IVDITIGWNN @
(Q¥V08aVv3IYE) L3S LAONDIHD S * .

YOLVINWIS TYNOILONNA JLITT13LYS NOILONNA W3LSAS GILVYOILNI
JYVYMLI0S ANV SITOSNOD LSl e NOILLONNG TTVDINVHDIW
ATddNS ¥YIMOd WNNDVA TYWYIHL e
YIGWVHD LSTL DOVA/TVWHIHL e J11SNODY @
YIAWVHD 1S3L DILSNODY * oW3 e
STUNLXIJ LSTL "HIANT e ONISSYDLNO ®
IUNLXIS 1STL DINVNAQ DIWVYNAQ/QVOT TVHNLINYLS o

SUNLXIS ONIAVOT TVIINVHIIW e SL1S3L IT1NAOW/ LNINOJWOD

LNIWdIND3 Ls3L S1s3L
YOLVINWIS .
LNIWNOUIANT INIWNOUIANT N (Ow3) LVS HLIM 1831 NOILVDIdIHIA
OVA-TVWHIHL 1LSNODV ALITIA1LYdWOD JVNOILONNA TYDINVHOIW
OVWOY.LDI3T Q3LVHOILNI
T 12 | s \%
it /yﬁ 2ct iy (e I..Iul..#w_v e
= K<) ?v
..ﬂ\\!‘:_: A_w | 4 z, \AnDN (v

[ UV



Ground simulation of the servicing operation is vital to the development of the S

SIMULATION TESTING

3 equipment

designs, the design of operational timelines, and the constraints placed on the user satellite

design.

Early phase satellite servicing involves a large measure of man-in-the loop execution. The

simulation program verifies the equipment and operations design for ease and safety of the crew.

Later phases using remote and automated operations require even more extensive simulation .

to verify the "robotics" capabilities in all permutations

in performing the service.
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DEVELOPMENT FACILITIES

Analyses and definition of satellite service equipment indicate that existing aerospace
comnunity facilities can support the mu development. Modifications are necessary to adapt

some manufacturing and test facilites to mw funcitons.

A primary early development phase activity plans the facilities in detail and initiates

design of modifications, floor layouts, utilities, etc.

Early conmitment of facility floar space and reservation of special test facilities for mw

operations is necessary.
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N

mu EQUIPMENT DEVELOPMENT SCHEDULE

The schedule shown in this chart depicts two phases of satellite services equipment development. ,m
In each phase,examples of the more ambitious equipments are shown. The first phase indicates

the development of the equipment necessary to initiate and maintain the service system within >|“
the scope of this study, i.e., orbiter based and near-orbiter service. The second phase shows
the potential growth of the service system required to undertake remote service, large platforms,

—

and spacebased service operations.

A11 hardware elements are presumed to go through prototype design and development test phases. WM
Some equipment can be produced and flight tested in a "skunk works" program without full
documentation and qualification. Such elements can shortcut the normal development schedule. wﬁ

In general the development phase is considered ended with the completion of qualification. zw
Some qualification units are refurbished and used as the first operational service quipment.

Production of all equipments needed to satisfy the service system over a 10 year span is shown Ny

to be accomplished in the most cost effective sequence even though ultimate quantity needs
are years later. This approach minimizes the program cost. wa
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OBJECTIVES OF THE S3

OPERATIONS PLANS
The mission operations plans are identified as falling into one of several categories:

- Flight Support Operations for each of 6 Generic Missions

- Ground Support Operations

- Specific mission operations
The approach to this plan is to identify the elements required for the first and second categories.
These generalizations indicate a lack of definition of the Satellite Service System organization
responsibilities. The resolution of this probelm was to outline the plans for identificaion of the
ultimate plan content. The specific mission operations plan is to be built on the generic plans in

the preflight planning era.
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SCOPE OF THE OPERATION mw

3

The operational S~ supports the total earth-orbiting inventory of space vehicles and the checkout/

deployment phase of STS launched satellites and planetary mission vehicles.
A multi-agency approach is planned combining the servicing requirements for NASA, DoD, other U. S.

Government agencies, and eventually the commercial and international agencies (ESA, Japan, and

others).
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mw MISSION OPERATION REQUIREMENTS

The basic elements making up the mw Operations are listed, and defined in this figure.

Specific responsibilities for management of each basic area are assigned within the Space Servicing

Organization. Detail operations plans for each area will be constructed in accordance with the

details which follow.
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SPACE SEGMENT mw OPERATIONS ELEMENTS

The diagram shows the various elements of the mw space segment and their interfaces. The servicing

base is shown to be either the Orbiter or the Space Depot (SOC).
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mw GROUND SEGMENT OPERATIONS ELEMENTS

The elements of the mw Ground Segment are shown in this figure. Examples of the interfaces with

the primary operations organizations are indicated.
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mw

MISSION SUPPORT MODEL
An analysis of planned missions for period 1983 to 1993 shows the distribution among the general

service missions.

Multiple deployment missions can be accomplished on the same flight that performs one or more rendezvous/
retrieve missions. The service missions are presumed to be “shared" missions for the purpose of cost
estimating. In this way, the cost allocated to a servicing mission can be kept relatively low.

Dedicated service missions could be planned but it will be significantly more costly.

Sortie missions might be shared with HEQ/LEO/Planetary Spacecraft deployments but not Tikely with the
other types because the limited endurance of the orbiter will likely be fully dedicated to the pur-

poses of the Sortie payload.

The ground rules and assumptions upon which this model is based are discussed in detai} in the

Cost Section of this report.
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REMOTE CONTROL & CREW EVA SERVICING

Both EVA and remote-control servicing modes are planned.

For most of the remote control operations,

crew EVA backup is reqired to provide maximum probability of mission accomplishment.

The automated mode is preferred for servicing operations such as rendezvous and dock with satellite,

TMS, MTV or OTV.

Because EVA servicing offers a lower-cost approach with minimal S

3

a large portion of the near term, near orbiter service missions.

equipment, it is preferred for
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SERVICING CONCEPTS (TYPICAL)

Three typical servicing concepts are illustrated in this figure.

The Solar Maximum Mission, utilizing the NASA/GSFC MMS modularized spacecraft is acquired by the
Orbiter RMS, lowered onto a [light Support System. Satellite modules can be changed out by a
module-exchange machanism aided by crew EVA. EVA may be required prior to RMS grapple to attach a
second, optimally located grapple fixture.

The Gallileo space vehicle is mounted on an IUS upper stage, which transfers into planetary trajectory
after deployment. The IUS Gallileo is erected by rotation out of the cargo bay; spacecratt and
payloads are then checked out. If appendages are extended for a more complete checkout; they

must be refolded before deployment and IUS ignition because of the high loads applied by the

IUS in attaining earth-escape velocity.

The Space Telescope revisit and service mission uses the DMP to hold the satellite at the proper
angle in the cargo bay and rotates it to allow crew access to all circumferential module
locations.
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DEPLOYMENT MISSION PROFILE (TYPICAL)

A typical checkout/deployment mission profile is shown here. The predeployment, Satellite extension,
and checkout phases are identified and the functions comprising each are listed.

The orbit checkout of the satellite verifies its flight-readiness before final deployment. The
Satellite appendages (solar array, antennas, radiators) may be extended while ‘the satellite is
still docked to the orbiter or attached to the RHMS. This allows end-to-end checkout of the space-
craft and its payload. Detailed checkout is accomplished through the mission POCC; a lesser health
check can be done from the orbiter.

The final step in deployment sequence is the separation of satellite from the Orbiter and station-
keeping free-flight as final verificatian of verification of subsystems is made via RF link with the
POCC. Functions such as solar array rotation and torquing of spacecraft for attitude control, not
posssible in Orbiter-docked mode, are checked. If malfunction is noted, Satellite can be retrieved
and repaired on the Orbiter or returned to earth for repair.
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RETRIEVAL/SERVICE/REDEPLOYMENT SEQUENCE

A typical sequence of service functions is shown in this figure. Timelines are generated for each
specific mission to establish the total flight timeline, the necessity to extend the orbiter

mission duration, and the interfaces with other mission operations requirements.

As the operations planning matures, these sequences are expanded into detail task/activity lists
for the Orbiter crew and ground control team. They are used for orbit operations checkoff lists,

and preflight training/rehearsal activities.
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mw LAUNCH SITE OPERATIONS

The mw

equipment and satellite ORU logistic flow is shown combined with the Shuttle launch site
processing to create an integrated flow plan. The numerous launch site operational steps are

outlined.

3 equipment is not a constraint upon the Shuttle cycle

3

The processing and prelaunch checkout of the S
time from landing to the following launch. The installation and removal of the $° equipment kits

is a constraint and is carefully planned and coordinated with all other orbiter anduser requirements.

The task of preparing the service kits, the coordination of their installation and removal from the
orbiter are the responsibilty of the Logistics Division of the Satellite Servicing Organization.
The Kit refurbishment, repair and storage is the responsibility of the Space Systems Maintenance

Division.
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SATELLITE SERVICES OPERATIONS CONTROL CENTER (SSOCC)

Three important functions of the SSOCC are shown together with the corresponding subfunctions.

During satellite service operations, the Flight Operations Control Group operates continuously during

all service operations. Realtime displays are continuously monitored. Selected status data and TV

are recorded for dissemination to user agencies and other key organizations.

The principal interface with the user agencies is maintained by the Mission Management Group. It
coordinates flight operations requirements, crew scheduling and STS scheduling interfaces; this is
of particular importance if there are conflicting work assignments for a specially trained flight
operations crew. Training and service operations rehersals are also coordinated by the management

group.

The Performance Evaluation Group assembles and diseminates data relative to the performance of the

3

Crew, S° equipment, and mission operations. It also maintains equipment maintenance records to pin-

point weak design features in the equipment.
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SERVICE SIMULATION AND CREW TRAINING

To ensure error-free and effective servicing of space vehicles, rigorous ground simulation and
crew training is planned. As new satellites and more sophisticated service equipment are brought
into the inventory, crews are retrained.

Simulation is not limited to crew EVA operations. Completely automated servicing modes are
duplicated to maximum possible extent using prototype hardware adapted to simulation or using

specially designed simulator.

TV recording is used to study and improve the specific operations. Step-by-step flight checklists
are generated to guide the actual crew on orbit.

Contingency-mode operations, developed in detail, reduce the "unexpected" space operations to a
minimum. An overriding mode is the use of crew EVA for backup of all automated operations
(except the remote operations to be performed by the TMS or OTV).

The Crew Systems Division of the Satellite Services Organization has the responsibility for
defining and conducting Simulation and Training Programs.
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SUPPLY, REPAIR, REFURBISH DEPOTS

These functional depots may or may not be colocated. It is assumed that all functions are performed
in one facility located at the launch base. While this appears to be an optimum location, other

factors may dictate wmumsmﬁdsu the activities functionally and/or geographically.

The responsibility for the depots falls under the Satellite System Maintenance Division of the S550.

It has a strong intimate interface with the logistics Division.
The Depots are primarily concerned with supply and maintenance of the Satellite Service Equipment.

However, they are the natural choice for performing th repair/refurbishment of Orbit Replaceable

Units if the manufacturer is not under contract to perform these functions or is unable to do so.
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§3

OPERATIONS PLANS
Two types of Operations Plans are identified and separated in time. The generic mission plans

can be generated at the time a clear definition of responsibilities is achieved.

The specific mission plans are generated after manifesting is firm and far enough in advance of
the flight date to permit mnnoac_mmssmzﬂ of the defined simulations and training. It must also be

in time to support facilities scheduling and launch base operations planning.

The Satellite Servicing Orgnaization is responsible for the preparation of these plans and the
coordination with all affected organizations and functions. Approvals are anticipated to be required
by at least the Mission Planning and Analysis Division and the Flight Operations Panels. Coordination

sign-off's are probably required by other associated organizations.
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mw,ovmm>aHozm PLANS CONTENT

The outline shown on this and the following table indicates the principal factors that must be
contained in a complete Operations Plan. The outline serves both for the generic mission plan

and for the specific mission plan.

The Satellite Servicing Organization is responsible for the prepration of these plans and the
coordination with all affected organizations and functions. Approvals are anticipated to be
required by at least the Mission Planning and Analysis Division and the Flight Operations Panels.

Coordination sign-off's are probably required by other associated organizations.
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SYSTEM COST OVERVIEW

Seven Generic Missions were defined in the course of the SSSA Study Part II. These missions are
generalizations of the real planned STS missions that are candidates for in-orbit service. To
arrive at a total system cost averages were used in terms of equipment carried, time spent in orbit,
the number of EVA's, etc. The total mission model was based on assumptions on the frequency

of need of revisit, and the numbers of spacecraft designed for in-orbit service.

The compliment of service equipment required to support the total mission model was defined and the
cost of procuring that equipment estimated using a parametric approach (The RCA "RRICE" Model).

The unit service event cost to the user was estimated by prorating the cost of the service equip-
ment, adding the STS costs (shared cargo, time in orbit, payload special lists, etc.). The total
cost to the users was then derived from the unit service event costs multiplied by the number
of such events predicted by the mission model in the time frame of 1983-1993.

The results are shown in this chart, The first pie figure indicates the proration of the service
system hardware costs. This is the funding requirements for NASA to establish the needed equip-
ment inventory. The second shows the distribution of the service mission types in the whole
mission model. The third shows the system user cost breakdown to the generic missions.
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SYSTEM LEVEL COST ELEMENTS

The elements that were included in and excluded from the system cost estimates are indicated in
this chart. The RCA "PRICE" model includes the DDT&E, program management, test, integration
etc., for each of the 66 identified equipments that make up the service kits. Other costs are
derived from the STS Cost Reimbursement guide and experience factors for similar programs.

The cost factors that were found ta be intractable at this time are listed on the right. The
assumption was made that the STS Orbiter could rendezvous with those satellites which are

free flyers either because they utilize one of the STS standard orbits or are capable of returning
from their operational orbit to the orbiter by antonomous means or through the action of another
stage (e.g., TMS).
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SYSTEM LEVEL COST METHODOLOGY

This figure represents a road map to the costing activity. The wu

kits were defined to provide
the needs of the seven generic mission functions. These kits are made up of 66 separate hard-
ware items. This data was input to the RCA "Price" model together with the kit need dates and

quantities. The output provided the time phased hardware costs for each service kit.

The costs were convolved in two ways. Shown on the left is the cost to the user as if the
satellite service system were dedicated to performing one and only one service function. This
separation into independent function cost gives an indication of the costs that could be
incurred by separate space programs mechanizing their service needs rather than centralizing the
function.

The right hand block indicates the accumulation of costs if all service functions are provided
by a centralized organization.

The central block indicates those cost elements involved which are over and above the hardware
costs.
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SATELLITE SERVICE SYSTEM MODEL

This composite graph shows the mission model that was generated using the data and assumptions
presented on the following two charts, This is an aggregate chart with the top line indicating
the sum total of all constituents, The individual serviceevent quantities for the year 1993 are

included on the right hand border to indicate the cumulative nature of the chart.

The total events identified for th 1983 through 1993 time frame is 637.
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SERVICE OPPORTUNITY MISSION MODEL DEVELOPMENT

The mission model was based on the NASA STS Mission Model (Reference A in the figure). It was

modified in the following ways:

1. The year of operation was s|ipped to accommodate the STS delay.
2. The current ﬁﬂﬂmzﬁ manifests were over plotted to update the original data
to current planning.
3. A growth rate beyond the limits of the current flight manifests was used to reflect

expectation in the era where mission planning is not well defined.

The model represents an estimate of the total space missions in the STS era and is not yet

related to Satellite Service events.
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SERVICE EVENT AND KIT ASSIGNMENT MODEL, RATIONALE

To define the opportunities for Satellite Services, a number of assumptions were made for each
generic mission defined in the mission model,

For the Deployment and Sortie Missions it is assumed that single opportunity nature of these
missions require that the service equipment and the trained crew to execute the service is carried
on every flight of these categories.

The number of Repair service opportunities was derived based on the assumption that 5% of new
deployments and 10% of free flyers in service 3 or more years will require repair., For this and
the following categories, the mission is preplanned, i.e., the specific repair equipment kit and
flight timeline are part of the preflight missions operations plan. It is a corrallory that "un-
planned" repair is not a part of the service event mode] because such activity depends completely
on the exigencies of the specific situation, the tools available, and the ingenuity of the crew.

The CR&R function is assumed to be required on the cumulative satellite population that have seen
3 years of service since launch or since last Changeout, Reconfiguration, or Resupply (CR&R).

The Earth Return assumption is that 4%of the STS launched and accessible free flyers are designed

for or are of sufficient importance to require retrieval and return to earth in the Orbiter
Cargo Bay.

The Deorbit function if not Tikely to be important in the time frame of interest for collision
avoidance purposes. Controlled re-rentry of decaying satellites is more significant but
expected to be low in number. The assumption of 1% of the low altitude population Yeads to a
requirement of approximately one event per year through 1992.

The assumptions made here-in are judgemental in nature and equally valid assumptions could
result in significant shifts in the service mission model.

4-18
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SERVICE KIT DEFINITION DEVELOPMENT

Examination of the service functions and mission scenarios led to the identification of 66 hard-
ware items needed to meet the user requirements under the ground rules governing the study (near
orbiter, and 1983-93 time frame). These hardware items were grouped into 18 functional modules
which can be thought of as the logistics building blocks for the service missions. The six:
generic service missions were identified as having an associated service kit made up of one or
more of the modules. Particular mission requirements :*di dictate a variation of the generic

kits, but for the purposes of cost estimating an average kit was defined and used for each member

of the class.
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SERVICE MODULE DEFINITION SHEET

This chart indicates how the 18 modules were identified as groups of the 66 service equipments.
This example shows the definitions of modules "A" an "B" (right hand column). These sheets were
generated for all the equipment with the important parameters identified that were important to
the cost estimation. As indicated, the module A is a grouping of STS Standard hardware that is
useful to all service missions. Since it is standard equipment, its mass and volume are not per-
tinent and the cost of the equipment itself and its transportation into orbit are not included in

the system costs. Module B is representative of the remainder of the modules and indicates the

data generated to support the cost estimation.

Modules A and B constitute those equipments which are needed for single “unplanned" services and

are planned for manifesting on each STS flight.
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SERVICE KIT SYNTHESIS FROM SERVICE MODULES

The 18 modules are listed in the first column of this chart. A descriptive title is given

to identify the purpose.

.

The right side shows the applicability of the module to the six generic mission service kits.
A seventh mission functional kit was identified as Spin Service which is required when the
satellite to be serviced is spin stabilized. However, the spin service kit is not a separate

entity for manifesting as it is only used in conjunction with one of the other service kits.

It is recognized that specific missions may not require the full complement of modules, but as

a8 generalization this chart indicates the recommended service hardware.
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SERVICE MODULE QUANTITY AND NEED DATES

The quantity and first need dates are given for each of the service equipment modules. The first
need date corresponds to the first scheduled service event which is identified in the service
model. The second and subsequent need dates are based on the wqozﬁ: of traffic and the need at
VAFB as well as KSC. It was assumed that a single module would serve all the traffic from

one launch base until the service events using a given module grew to 10 per year. Below this
number it was assumed that a module could be off loaded from one orbiter and made available to
the next using flight. At a demand rate of 20/year it was postulated that a module of each type
would be dedicated to each of the arbiters and that a spare would be held in the supply depot

at each launch base: a total complement of 6 units.

Expendables are provided for each service event. The deboost motors and guidance stage is the

only expendable hardware identified.
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AVERAGE SERVICE EVENT PARAMETERS

This chart provides the details of the service kits defined for the average generic service
event. The deployment kit has a mass of 26 Kg and would require an added day on orbit if a
service event were necessary. Since the service model assumed a need mﬁ.ma of the deployments
flown, the average chargeable on-orbit time would be 0.05 amkm.mza the average EVA's are also
5%. This rationale accounts for the non integral factors shown in the table. The need for
servicing on the. SORTIE missions cannot extend the mission because the total endurance of the

STS is planned and charged to SORTIE payloads.

The EVA events are likely to be one or two depending on the complexity of the service event.
There are expected to be relatively few uses of the MMU and rather than spread a small fraction
across the several missions, it was identified as used on each of the Earth Return and Deorbit
missions. Similarly the cost of the payload specialist who might be needed on any one of the

missions, was assigned to each of the Repair and CR&R missions.

The install/remove time spans were estimated from the complexity of the equipment involved.
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MISSION ON-ORBIT SERVICE TIME CHARGEABLE TO SSS USER

This chart presents the rationale for estimating the number of EVA operations required for
each service event on-the average, The essential ground rule used in estabYishing the stay
time is that the time involved in preparing for executing, and post operations EVA occupies a
complete work cycle and essentially requires an added day on orbit, The performance of an EVA
also precludes return to earth on that day, resulting in the reentry day also being charged to

the Satellite Service user.
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mmv RECURRING USER SERVICE COSTS

3

On the basis of the foregoing charts, the recurring charges to the S user are given in this

table.
The cost for all the recurring items are drawn from the STS Cost Reimbursement Guide. The STS
charge is a weighted average of the charges/1b for launching a payload into low and high

inclination orbits.

Kit refurbishment charge is an experience number which varies between purely mechanical equipment

and the more complex electro-mechanical.

The recurring costs given here are those costs incurred for the service operations and are over-

and-above the cmmdniumkdomn and mission operations cost.
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HARDWARE COST PRORATED BY MISSION TYPE

The hardware costs were generated by applying the RCA "PRICE" model to the individual equipment
descriptions and then summing by the module complements. The results are presented here in the
first row which indicates a total system cost of $205M in 1981 dollars. This row and sum
represents procurement of the total quantity of modules defined with the need dates as

specified.
The bottom of this chart shows the proration of the hardware costs to the service kits. The

proration was performed on the basis of the number of service events given in the service

mission model.
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PRORATED UNIT SERVICE EVENT COST

The total cost to the individual user is estimated in this chart by the mission type. The
recurring costs were added to the prorated hardware, facilities and training and simulation costs.

The Right hand column represent-on the average- the user cost if the mu supports all the missions

identified in the service model.

The possibility that the Satellite Services Organization would support less than the total number
of service events results in a higher user unit cost. This i$ discussed in charts at the end of

the Cost Estimate Section.
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UNIT SERVICE EVENT COST BREAKDOWN

It is evident from the "Recurring Cost" estimate that the STS Transportation cost is the pre-

dominant factor in the the user unit service cost. This chart shows the percentage breakdown for

the support (Changeout, Reconfigure, Resupply) class of service mission. In this chart the STS

transportation cost has been broken out from the other recurring charges.

The costs to the user which are directly controllable by the Satellite Services Organization

are a small fraction of the total.
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53 EQUIPMENT COST

This chart represents the funding required to procure the hardware to support the mission model.
The year by year and cumulative funding is indicated,

3

For the extended capability S” more complex equipment is required e.g., OTV, TMS, Platform

docking equipment, etc. The expenditures for these were not estimated but are also shown in dashed
lines on this chart. The start date for development of the extended capability equipment

depends on the projected need for these capabilities. The dates shown here are the earliest

likely.
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s3 TOTAL USER EXPENDITURES

The total expenditures for Satellite Services by the user community is presented here. It is
the accumulation of the unit service vent costs multipled by the number of events in the

service mission model.

It is important to note that these expenditures are not NASA or DoD funding requirements but

represent the projected outlay made by the entire Service System user community in the 1983-93

time frame.
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S” HARDWARE COST SUMMARY

This chart indicates the cost of the service modules applicable to each of the generic service
kits. The right hand column indicates the cost of the hardware under the condition that the %

generic service function is performed exclusive of all other service functions.

This presentation and that on the following chart when compared to the earlier proration charts

indicate the advantages that accure to the user community if the total spectrum of service _
functions are performed rather than the individual. ww
The shaded area on the chart indicates the items that would be summed to arrive at the hardware .1~

cost to perform the CR&R and the Earth Return missions but not the others.

[ ]
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UNIT SERVICE EVENT COST
SINGLE FUNCTIONAL MISSIONS

The total user cost for each of the generic mission classes is shown here for the case where

that class is the only one performed by the Satellite Services System.

This chart when compared to the previous unit service event cost chart based on propration of the

fixed costs provides an insight into the savings accruing to the user community if the mu

consolidates
and integrates all service functions. Since the recurring transportation costs are predominant,

the overall savings on the unit user costs amount to approximately 10% for the integrated system.
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